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@ A tumor-associatsd an8g«i has been i 
which shares sequerscs homology with both 
tbyrogtobulin type I and int8rteukin-2 receptors. The 
antigen is highly expressed in panaeatic carcinoma 
ceils. The antigen is similar to a previously de- 
scribed tumor-assodsted antigen found in celoreclal 
ca-cinoma cells. Ths gene for the antigen is ftiiy 
sequencscf aid described here. 
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(SSm fmtLY OF TURSOR'ASSOCiATED A^f^GENS 



BACKGROUND OF THE INVENTION 

The U.S. government has a paid-up license in 
this invention and the right in limited circumstances 
to require the patent owner to license others on 
reasonable terms as provided for by the terms of 
Grant No. CA 21124-11 from the National institutes 
of Health. 



FIELD OF THE INVENTION 

This invention relates to tumor-associated anti- 
gens which are members of a gene family. More 
particularly, this invention relates to a tumor-asso- 
ciated antigen which is strongly pressed in pan- 
creatic carcinoma cells. 



BACKGROUND OF THE INVENTION 

Monoclonal antibodies denominated MoAb 
GA733. raised against a human stomach adenocar- 
cinoma cell line, have been extensively evaluated 
for the diagnosis and therapy of human gastrointes- 
tinal tumors. See. e.g. Herlyn et al. Hybridonia , vol. 
5, Suppl. 1. 1986. pp. S3-Sia GA733 antibodies 
bind to a variety of tumors of the gastrointestinai 
tract. Including prostate, cervix, ovarian, bladder, 
lung, breast, colorectal, and pancreatic carcinomas. 
In addition, the GA733 antibodies bind in varying 
degrees to normal epithelial tissues. 

GA733 antibodies have been fimtm to inhibit 
the growth of tumor xenografts in nude mice. 
(Herlyn et al., (1980) Cancer Res. vol. 40, pp. 712- 
721: and Herlyn et al., (1984) J. Immunol. Methods, 
vol. 73, pp. 157-167.) In addition, these antibodies 
have been used to obtain anti-idiotypic antibodies 
which bear the internal image of the GA733 tumor 
antigen. The anti-idiotypic antibodies, when used 
as an immunogen, were able to elicit in two spe- 
cies of animals anti-anti-idiotype antibodies, which 
have a binding specificity similar to that of the 
original GA733 antibodies. (Hertyn. et al. (1986) 
Science, vol. 232, pp. 100-102.) 

GA733 antibodies immunoprecipitate a 40 kd 
cell surface glycoprotein Isolated from colorectal 
tumor cells. However, it is difficult to obtain suffi- 
cient quantities of tumor antigen for immunizations. 
Thus, there is a need in the art for a means of 
producing substantial quantities of tumor-associ- 
ated antigens such as GA733 antigen. Further, 
there is a need for other antibodies which react 
with different epitopes on the GA733 antigen. Addi- 
tionally, there Is a continuing need for different 



tumor-associated antigens ttian those already 
knowtiv 

s Bummm of the i^svENTio?^ 



St is an object of the inventiosi to provide a 
segment of DMA which codes for the GA733-1 
ffiitigsrt. 

to it is anotfser object of the invention to provsd® a 
cell iins which fs'oducgs GA733r1 antigen, 

it is stiii afjothsf object of tse invention to 
proinde a method of producing an immunogen 
which comprises one or more epitopes of the 

ts GA733-1 snfigen. 

!t is yet another object of ths invsntion to 
proyids 3 method of treating a human carcinoma. 

It is stiii answer object of the iftvention to 
provide a preparation of antibodies wWch ars im- 

20 munorsactivs with GA733-1 arstigsn but not with 
Qk73^2 s«tig@n. 

it is another obj^ of the invsotiors to provids a 
si^tantialEy pure polypeptide encoded by ^e 
DNA sequence for GA733-1 antigen. 

25 is is yet anoljuer object of the invention to 
provide m oligonueieotide probe for d@tee^ 
membsrs of ths gerse famlSy comprising Sis 
eA733-1 and GA733-2 antigens. Thsse and othsr 
crt^ects of the invention are provided in one or 

30 mors of ^ embodiments which are described 
bekjw. 

In one embodiment, a segment of DNA is 
provided which codes for the GA733-1 antigen. A 
physical map of the DNA is illustrated in Figure 1; 
35 the sequerice coding for the antigen is shovyn in 
Figure 2. 

In another embodiment of the invention, a cell 
line which has been genetically engineered to repli- 
cate and expiress the DNA sequence of the GA733- 
40 1 antigen is provided. 

In another emijodiment of the invention, a 
method of producing an immunogen provided 
whteh comprises culturing cells which have been 
genetically engineered to replicate and express the 
4S DNA sequence which codes -for the GA733-1 anti- 
gen; and then han/esting a protein fraction from 
said cells or culture medium. 

In yet another embodiment of the invention, a 
method of treating a human carcinoma is provided 
so which oimprises administering an effective amount 
of a preparation comprising one or more epitopes 
of the GA733-1 antigen to a patient bearing a 
carcinoma, to stimulate production of antibodies 
immunoieactive with said antigen. 

In another related embodintent a method is 
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provided for treating a human carcinoma in which 
antiidiotypic antibodies which have the ability to 
stimulate production of antibodies which im- 
munoreact with antigen GA733-1 are administered 
to the patient, and then an effective amount of a 
preparation comprising one or more epitopes of the 
antigen GA733-1 is administered to said patient to 
further stimulate production of antibodies which im- 
munoreact with antigen GA733-1. 

In still another embodiment of the invention, a 
preparation ot antibodies are provided which are 
immunoreactive with eA733-l antigen but not with 
the GA733^2 antigen. 

In another embodiment of the invention, a sub- 
stantially pure polypeptide is provided which is 
encoded by the DNA sequence shown in Figure 2. 

In yet another embodiment of the invention, a 
cell line is provided which has tieen genetically 
engineered to replicate and express ttw Df^ se- 
quence of the GA733-1 antigen. 

In another embodiment of the invention, an 
oligonucleotide probe is provided for detecting 
members of the gene family comprising QA733-1 
and QA733-2. The probe encodes the amino acid 
sequence of the first 18 amino acids of antigen 
QA733-2. 

The present invention provides the art with an 
hitherto unlwiown tumor-associated antigen. While 
related to the well-studied tumor antigen GA733-2, 
it is substantially different in its sequence, thus 
providing new epitopes to the art as targets for 
anti-tumor immunotherapy. 



BRIEF DESCRIPTION OF THE DRAWINQS 

Rgure 1 depicts the relationship between the 
GA733-1 chronwsomal gene and its full-length 
cDNA. Line a shows the restriction map of the 
genomic clone: line b shows the 2.2 kb genomic 
region that was sequenced: line c shows the re- 
striction map of a placental cDNA clone. 

Figure 2 shows the complete DNA sequence 
of the chromosoimal gene GA733-1 . 

Figure 3 shows a sequence comparison be- 
tween the two members of the QA733 gene family. 
The sequence shown for GAW3-1 Is the piedlcted 
amino acid sequence on the basis of the nucleotide 
sequence, and that shown for GA733-2 is the em- 
pirically detehrnined amino acid sequence of the 
GA733-2 SHitigen. 

Rgure 4 shows a northern blot analysis of 
GA733-1 mRNA in gastrointestinal tumor cell lines, 
including colorectal carcinoma cell lirie (shown in 
lane 1) and pancreatic carcinoma cell lines (shown 
In lanes 2 and 3). 

DETAILBP DESCRIPTION OF THE INVENTION 



it is a discovery of the present invention that 
the well-known and studied turrsor-sssociatsd anti- 
gen which is reactive with monoclonal antibody 
GA733 is a msmber of a famiiy of arstigens which 
s are tifmor associated. A new antigen {termed here- 
in GA733-t) has been found, which is different yet 
similar to the antigen which is found in human 
ooiorectsi adenocarcinoma cells and which is im- 
munofeactive wiJti GA733 monociona! antibodies. 
10 The amino acid sequence of QA733-1 antiger^ is 
identical to that of rtative GA733-2 antigen at 19 out 
ot the first 30 amino acid rssidues of the latter 
protein, with conssrvative substitutions occurring st 
&tree other positiona. In addition, a rare amino add 
IS motif of cystetne-trypSophars-cystsine occurs at po- 
sitions 3@ to 38 of QA733-2 protein and is also 
present at ihs corresponding position In the 
@A733-1 sequence* 

The two ^ligen sequences have been com- 
20 pared using ALiGf^. a computer program in which 
similarities between two protein sequsnces are ex- 
pressed as istandard dsviation units (s.d.) above the 
mean score of 100 random runs. According to this 
program, a score between thres and sight s.d is 
2S indicative of a possibis relationship between the 
two sequences; scores greater than eight s.d. are 
considsrsd highly significant Ttre two isA73S se- 
quences, when compared over iSte first 30 amino 
acid residues, yielded a simiianty score of 17 s.d. 
30 units. The simiiarity of Vns two pretsin sequences 
in^cstes that thwe is a gerse.fwniiy of at least two 
clossly related genes. The sequence comparison 
between the two proteins is shown in Flgum 3. 
the amino-terminal 45 residues of the 30 kd 
35 form of the 6A733-2 antigen corrsspend to se- 
quences located SO rs^dues frcsn 8^8 proposed 
ammo terminus of ths GA733-1 antigen, it ss sug- 
gested that thg amino-termmaS SO residues (about 
10 kd) of the eA733-2 antigen wera cissved off 
40 giwng rise to the ^ kd brs^down product. This is 
consistent wiSi the fact that two foms of 
SA733-2 antigen were pudfwd from SWS4S human 
coiomel^ adenocarcinoma cs!! line, one being 40 
kd and one Mng 30 kd. 
4S A segmersi of DNA according to tie present 
invsrtSon is a DNA sequance whscfi has been Iso- 
iai^ from Sis human chromosom© in whicli it is 
naturally located. The QUA segment contains the 
sequence Sse GA733-1 ar^en. The sequence 
50 Of this DNA segment has been datenniried snd Is 
shown in f^im 2. The ssquanse shown is lliougiit 
to r@pres@f(t the entire gene because ft corre- 
sponds in saqusnss to the fulWengts oDNA, with- 
out interruption by snfrons. 
55 The protein wiiich is predsctsd from ttis DHA 
sequemjs shown in FsgufB 2 is charactersssd by a 
putativ® signsj ssquence with a 13 rissidus hy- 
dnsphobic core; this is marked by an overisns in frse 
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figure and spans nucleotide number 360. An ex- 
tracellular domain, rich in cysteine residues (which 
are boxed in the figure) and containing four poten- 
tial N-linked glycosylation sites (indicated by an 
overline) is found t)etween amino acid residues 5 
approximately 25. and 270. A single 23-residue 
transmembrane domain is indicated at amino acid 
residues approximately 275 to 300. The cytoplas- 
mic domain consists of a positively charged, 26 
residue segment The positions which correspond io 
to the 5' and 3' ends of the full-length cDNA clone 
are marked with brackets. Rgure 2B shows a Kyte- 
Etoolittle pkit of the sequence of the protein. Struct 
tural features illustrated include the putative hy- 
drophobic signal peptide (S). the hydrophilic extra- rs 
cellular domain containing potential N-linked 
glycosylation sites ('), the hydrophobic transmem- 
brane domain (T), and the short, hydrbphilic 
cytoplasmic domain. 

As used tierein the antigen which has tieen za 
defined on the basis of its complete DNA se- 
quence, is termed QA733-1. The related antigen 
which has been isolated from human colorectal 
adenocarcinoma ceils and binds to monoclonal 
antibodies C017-1A and GA733 is termed herein 2S 
GA733<'2 antigen. These two antigens form a family 
of tumor associated »itigens- interestingly, both 
the GA733-1 and the GA733-2 sequences have 
been found to be honralogous to the human and 
bovine thyroglobuiin type I repeat unit. The , m 
thyrogtobulin type I repeat units consist of 10 
copies of a 60-amino acid sequence located at the 
amino-terminal end of the molecule. Comparing the 
sequence of GA733-1 with the human and bovine 
type I repeats using the program AUGN. a similar- 3S 
ity score of 14 8.d. units was ob^ned. establishing 
the high statistical significance of the homology 
between these proteins. The two GA733 sequences 
also share some homology with the alpha subunit 
of the interleukin-2 receptor. However, using ttie « 
program ALIGN, the highest alignment score ob- 
tainable was only 75 s.d. units. Thus, the homol- 
ogy of the tumor-associated antigens to interteukin- 
2 receptor is less significant than the homology to 
the thyroglobuiin proteins. 4S 

An immunogan according to the present inven- 
tion is any preparation, usually protein or 
glycoprotein, which, when administered to an ani- 
mai, stimulates the productlbn of antftiddies im- 
munoreactive with that antigen. Methods of admin- so 
istering immunogens to animals are well known in 
the art and can be accomplished by ifv of the 
known means, including: subcutaneous, in- 
tramuscular, and intraperitoneal injections. Deter- 
mination of amounts which are to be used to stimu- ss 
late antiisody production is within the skill of the art 
Formulations which are phanmaceutically suitable 
are also well known in the art. Generally, these 



may comprise general immunological adjuvants to 
stimulate the immune system. 

In some cases the preparation which Is admin- 
istered to stimulate antibody production does not 
contain the entire protein coded by the GA733-1 
gene. It may be desirable Wnst a polypeptide com- 
prising one or more epitopes of the antiigen be 
administered. This will provide for greater specific- 
ity of the immune response, and may provide lower 
cost alternatives than use of the hjlHength protein. 

Anti-idiotypic antibodies may also be used to 
stimulate production of the antibodies which im- 
munoreact with antigen GA733-1. Such antibodies 
are known in the art See, Herlyn, et al., (1986) 
Science, vol. 232, pp. lGi^102. In addition, other 
anti-idiotypic antibodies can be produced using the 
polypeptides of the present invention. For example, 
polypeptides bearing one or mors epitopes of anti- 
gen GA733-1 may be used to stimulate production 
of a variety of antibodies immunoreactive with anti- 
gen GA733-1 . Particular immunoreactive antibodies 
can then be used to raise anti-idiotypic antibodies 
by administering these anti-GA733-1 antibodies 
into other animals. Methods of selection of true 
anti-idiotypic antibodies are known in the art; how- 
ever, availability of the GA733-1 antigen or poly- 
peptkjes containing one or more epitopes of the 
antigen will make screening for proper anti- 
idiotypic antibodies more rapid and selective. Brief- 
ly, proper antHdiotypic antibodies can be screened 
for the ability to bind to anti-bodies directed against 
the GA733-1 antigen; the binding of antiidiotypic 
antibodies can be competed off with use of the 
antigen or polypeptides containing one or more 
ep^^pes of the antigen. In addition, anti-idiotypk: 
antibodies can be screened for the atiHity to them- 
selves stimulate production of antibodies (anti-anti- 
idiotypic antibodies, AB3) which are able to them- 
selves: bind dIrecUy to ttie tumor antigen G A733-1 . 

A preparation of antibodies are provided by ttie 
piesent invention which are immunoreactive with- 
GA733-1 antigen but not with GA733-2 antigen. 
Such antit)odies may be polyclonal or monoclonal. 
Poiyclonal antibodies, which are well known in the 
art, can be made rnonospecific l>y immunoabsorp- 
tion techniques which are also known in the art. 
Briefly, GA733-2 antigen can be bound to an inert 
matrix to form an immuno-afRnity column. Anti- 
bodies raised against ttie 6A733<-1 antigen can be 
passed over such a column or matrix to remove 
from the preparation all those antibodies which are 
cross-reactive with the GA733-2 antigen. Those 
antiijoclies which do not bind to the GA733-2 
immuno-affinity column can be collected and form 
a preparation of antibodies which are immunoreac- 
tive witti GA733-1 antigen but not witii GA733-2 
antigen. Similarly, mbnoctonal antibodies which 
have been raised again^ tiie GA733-1 antigen can 
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be screened for the ability to bind to GA733-1 
antigen, and the lack of binding ability toward 
6A733-2 antigen. Once again, such antibody pro- 
duction methods and screening methods are well 
known in the art. 

Substantially pure polypeptides are provided 
by the present invention which contain one or more 
epitopes of the antigen GA^3-1. Such polypep- 
tides can be easily synthesized according to the 
sequence of the GA733-1 antigen shown in Figure 
2. Once polyjSi^Jtides have been synthesized, they 
can be tested for their immunogenicity by standard 
immunological tests, either involving blinding to 
known antibodies or by raising antibodies by ad- 
mirHStration of the polypeptide to an animal to 
induce antibodies. Antibodies which result may be 
tested for immunoreactivity with the GA733-1 anti- 
gen itself. Polypeptides which are able to stimulate 
production of GA'^S-I -reactive antibodies bear one 
or more epitopes of GA733-1. Methods for syn- 
thesizing polypeptides are well known in the art 
Substential purity, according to the present inven- 
Oon. means that the polypeptide will t>e free of 
other human proteins. 

An oligonucleotide probe is also provided by 
tfie present invention for detecting additional mem- 
bers of the gene family which comprises the anti- 
gens QA733-1 and GA733-2. Such probes may be 
made according to the DNA sequence of GAyas*!. 
shown in Figure 2, or according to the amino acid 
sequence detemnined for the isolated and purified 
GA733^2 antigen. One such probe encodes the 
amino acid sequence of the first about 18 amino 
acids of antigen QA733-2. This probe as well as 
others can be used to detect members of the gene 
family by hybridization to chromosomal DMA, 
cDNA, or mRNA under low stringency conditions to 
locate homologous and related genes. Such hy- 
bridization techniques are well l<nown in the art. An 
alternative means for detecting members of the 
gene family comprising GA73a-1 and GA733-2 is 
to use monoclonai antibodies which are reactive 
with antigens of the gene family, such as C017-1A 
and GA733. to detect clones from human cDNA 
libraries which express proteins which: are cross- 
reactive with such antibodies. 

A cell line is also provided by the present 
invention which replicates and expresses the DNA 
sequence of the GA733-1 antigen. Such expression 
is accomplished by genetic engineering of a cell 
line which does not express the GA733-1 antigen. 
Such engineering involves putting the GA733-1 
gene into the cell line in a manner such that it is 
replicated and expressed. Typically this can be 
accomplished by incorporating the GA733-1 gene 
Into a plasmid which contains a viral promoter or 
other suitable eukaryotic promoter upstream from 
the GA733-1 gene. Other methods fOr introducing 



and expressing genes in cell lines are known in the 
art and can be used. 

The following examples are not intended to 
define the scope of the invention. The scope of the 
5 invention is defined by ttie claims appended below. 



Example 1 

70 This example demonstrates the purification of 

the GA733-2 antigen from colorectal carcinoma 
cells. 

The GA733-2 antigen was isolated by im- 
munoaffinity chromatography from detergent ex- 

;s tracts of SW948 tumors propagated in nude mice, 
as described (Ross, A. H., et al., (1986) Biochem. 
Biophys. Res. Commun. 135. 297-303) except that 
the detergent was omitted from the basic buffer 
used to elute the antigen from the GA733 antibody 

20 column. The fractions judged by Western blotting 
to contain QA733-2 antigen were pooled, dialyzed 
against 0.05 M NH* HCO3. and lyophilized. The 
protein was reduced and alkylated with iodoacetic 
acid and separated from salts and low-molecular 

25 weight impurities by chromatography using a col- 
umn of li1-20-Sephadex (1.4 x 5.5 cm), equili- 
brated with 88% formic acid/ethanol/water 
(20:50:30) (Marano, N.. et al.. (1987) J. Neurochem. 
48.22S-232). This material was judged to be pure 

30 by NaOodSO«-PAGE and silver stainirlg. 40 kd and 
30 kd species were observed, the latter thought to 
represent a proteolytic breakdown product of the 
40 kd antigen. 

Example 2 

This example demonstiates the amino acid se- 
quence detenminatton of GA733-2 antigen isolated 

40 from colorectal carcinoma cells. 

Several amino-tarminal sequence runs were 
perfbrmed using amounts ranging from 1OO-5O0 
pmoles of carboxyme*ylated-30 kd GA733-2. 
Automated sequence analysis was performed on a 

4S model 470A gas phase microsequencer (Applied 
Biosystems) with on line PTH analysis using a 
Model 120A analyzer. Standard programs and 
reagents were used, except the reverse phase col- 
umn for PTH amino acid analysis was a 5 um. 2.1 

so X 250 mm. LC-18-DB column (Supelco. Inc.). Also, 
the latter part of ttie HPLC gradient was altered to 
separ^ PTH'trp firom diphenylurea. Data was ana- 
lyzed using a Nelson Analytical data acquisition 
system. The amino-terminal end of the 40 kd spe- 

55 cies was found to be blacked. 

Amino acid analysis of the starting sample was 
used to estimate the amount of protein loaded on 
tiie sequencer utilidng PTC amino acid analysis 
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after vapor phase hydrolysis (150* C, 1.0 hr. 6N 
HCI with 1% phenol, under argon and reduced 
pressure) essentially as described (Ebert, R. F. 
(1986) Anal. Biochem. 154. 431-435) except that a 
3 um. 4.6 X 150 mm. LC-18-DB column (Supelco. 
Inc.) was used for the separation of PTC amino 
acid derivatives. 

The amino acid sequence determined is shown 
in Figure 3. Lower case letters indicate tentative 
determinations. 



Example 3 

This example demonstrates the synthesis of an 
oligonucleotide probe for the GA733 gene family. 

The amino-terminai 18 residues of the 30 kd 
form of GA733-2 were used for the design of a 54 
base oligonucleotide probe, based on prefen-ed 
codon usage in humans (Grantham, et al., (1981) 
Nucleic Acids Res. 9. r43-r74). The DNA probe had 
a 70% G+C content and included a 10 base 
palindromic structure. The oligomer 5 
GTCQGGGTCGTACAQGCCGTCGTTQTTCTGCA- 
GQGCQCGCTCQGeCTTQGCCCT was synthe- 
sized by automated phosphoramidite chemistry on 
an Applied Blosystems model 380A DNA synthe^ 
sizer. Full-length S4-mer was i^lated by denatur- 
ing polyacrylamide gel electropharesis and Cia 
chromatography as described (Linnent>ach, et al. 
(1986) F>roc. NaU. Acad. Sci. USA 83. 2397-2401). 



Example 4 

This example demonstrates the use of GA733 
gene family probe for screening of a human 
genomic library. 

A total human genomic library constructed by 
Lawn et al. (1978) Cell 15, 1157-1174 and obtained 
through the American Type Culture Collection 
(ATCC #37333) at the third amplification, was plat- . 
ed and plaques were transferred to nitrocellulose 
filters in duplicate. 0.5 ug of oligomer was 5- 
phosphorylated in a 40 ul reactionn mixture con- 
taining 0.05 M Tris-CI pH 7.6/0.01 M MgCI/0.005 M 
dithiothreitol^.0001 M spermidine/O.GOOl M 
EDTA/2aO uQ of [gamn>a-«P] ATP (5000 
Ci/mMole; 1 Ci = 3.7 x 10*^ becquerels). and T4 
polynucleotide kinase at 37 'C for 45 min. The 
reaction mixture was adjusted to contain 0.02 M 
EDTA/0.5% NaOodSO* the labeled oligomer was 
separated on a Sephadex G-25 column. Pre-hy- 
bridization and hybridization conditions for the use 
of the 54 base oligonucleotide were identical to 
those described previously for a 90 base protje 
(Linrtenbach et al. supra) . 

Two different recombinants were idenfified us^ 



ing this probe, as determined by restriction en- 
zv le analysis and by hybridization signal intensity. 
O'^a of these recombinants was further analyzed. A 
restriction map for the 14.3 kbp genomic insert was 

5 based on analysis of partial digestion products of 
the Charon 4A recombinant Aliquots of each partial 
digest were hybridized separately to ^P-md label- 
ed oligonucleotides complementary to the phage 
left and right cohesive ends (Collaborative Re- 

70 search), and electrophoresed 'on a 0.4% agarose 
gel. The DNA fragments were transferred to a 
nitrocelkilose filter and autoradiographed. 



15 Example 5 

This example descrit)es Hie method of sequen- 
cing and analyzing the gene for the GA733-1 anti- 
gen. 

20 DNA sequencing was performed by the dideox- 
ynucleotide method (Sanger et al.. (1977) Proc. 
Natl. Acad. Sci. USA 74. 5463-5467) using T7 Dl^ 
polymerase (United Steles Biochemical Corpora- 
tion). In order to resolve compressions, which were 

25 frequently obsenred in the coding region, templates 
were sequenced by the standard method in parallel 
with a method which substitutes dITP for dGTP. 

The predicted «nino acid sequence of the 
genomic isolate was evaluated for homology to 

30 known protein sequences using the program 
Fmn> (Upman et al., (1985) Science 227. 1435- 
1441) to search release 15.0 of the NBRF protein 
database. Sequences wflh the highest score were 
further evaluated with the program ALIGN, using 

35 the mutation data matrix (250 PAMs) (Oayhoff et 
al., (1983) in t/lathods in Enzymotogy, eds. Hirs. 
C.H.W. & Timasheff, N. (Academic Press, New 
York), 91, pp. 524-545). Unless otherwise indicated, 
the pairwise alignments were done using a gap 

40 penalty of 20. Alignment scores are expressed as 
standard deviatkxi (s.d,) unite above the mean 
score of 100 random runs. A score between 3-8 is 
indicative of a possible relationship; scores of be- 
low 8 are considered highly significant. 

45 

Example 6 

This example illustrates the isolation and char- 
so acterizafion of the GA733-1 gene. 

To target the initial DNA sequence character- 
ization, genomic clone 05516 (l=ig. 1A) was first 
subcloned into the Eeo Rl site of pBR322. The 
plasmid done 05516-217 conteining a 9.7 kbp Eco 
55 Rl insert was shown by Southern blotting ((1978) J. 
MoL Biol. 9B. 50-517) to contain a 0.85 kbp Pst- 1 
restrtetion fragment which hybridized to the 
oligonucleob'de probe (Fig. IB), initially, this Pst- 1 
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fragment was sequenced to establish the identity of 
the 05516 clone. Analysis with the program BEST- 
FIT (Devereux et al. (1984) Nucleic Acids Res., vol. 
12, pp. 387-395) indicated that the oligomer 
hybridized with 05516 DNA at 35 (65%) of 54 
positions, with a distribution of base pairing indica- 
tive of a related sequence (Fig. 2A). 

An extended ONA sequence analysis of flank- 
ing restriction fragments (Fig. IB) identified a GC- 
rich promoter region, including three GGGCGG 
hexanucleotides <Rg. 2A). In the context of a de- 
canucleotide, one GC box is identical to that of the 
SV40 GC box IV. which has been characterized as 
a medium affinity site for the transcription factor 
Sp-1 (Kondonaga et al. (1986) Trends in Biochem. 
Sci. vol. 11. pp. 20-23). although direct experiments 
have not been carried out to determine if the 
6A733-1 promoter in fact Sp-1 responsive. The 
promoter also has an atypical CAAT box 
(Efstratiadis et al.. (1980) Cell. vol. 21. pp. 653- 
668). and a canonical TATA box. 

A 323 amino acid protein is predicted with a 
molecular weight of 35.710 daltons, which is con- 
sistent with it being a member of a family of 40 kd 
glycoproteins. 

A Kyte-Doolittte plot ((1982) J. Mol. Biol. vol. 
157, pp. 1t}5-132) of the predicted protein suggests 
the features of an integral membrane protein (Rg. 
2B). A classic signal sequence' (Perlman et al. 
(1983) J. Mo\. Biol. vol. 167. pp 391-409 and Wat- 
son, (1984) Nucleic Acids Res. vol. 12, pp. 5 US- 
SI 59) is predicted with charged residues in the 
pre-core sequence, a 13 residue hydropholjic core 
sufficient to span a membrane, and a post-core 
region containing amino acids with small, un- 
charged side chains as candidate signal peptidase 
cleavage sites (Rg. 2A). Assuming that the signal 
peptidase recognition site is T-A-A, where cleavage 
would be located after the fourth amino acid follow- 
ing tfie core sequence, a 244 amino acid extracel- 
lular domain is predicted. A clustering of 12 
cysteine residues, and four potential N-tinked 
glycosylation sites are present in the extracellular 
domain. A single 23 residue transmembrane do- 
main is followed by a 26 residue cytoplasmic do^ 
main. 9 of which are positively charged. 

cDNA clones 1.8 kbp in length have been 
isolated; these clones are probably full-length, as 
their length correlated with the results of Northern 
blot experiments (see bek)w). Based on restriction 
analysis (Rg. 1C) and preliminary DNA sequence, 
it has been determined that GA733-1 is an intrcn- 
less gene. The s' end residue of the full-length 
cDNA corresponds to a position in the gene se- 
quence that is 53 bases from the TATA box (Rg. 
2A). although the actual RNA start site has not 
been ascertained by a primer extension experi- 
ment The 3' end of the cDNA is 13 residues after 



one of two possible polyadenylation signals. 

Examination of the DNA sequence presented in 
Fig. 2A using the program REPEAT (Devereux. 
supra.) detected several eight base direct repeats. 

5 Oiieln particular -TCCCAGAC- occurs directly be- 
fore the probable RNA start site, and again in the 
3' untranslated region before the poly(A) addition 
site. This suggests retrotransposltion (Weiner, et al. 
(1986) Ann. Rev. Biochem. vol. 55, pp. 631-661) as 

ts a mechanism of gene duplication within this gene 
family. 

Example 7 

IS 

This example demonstrates the expression of 
the GA733-1 antigen in gastrointestinal tumor cell 
lines. 

Cytoplasmic poly (A)* RNA was purified as de- 

20 scribed previously (Unnenbach et ai.. (1988) Proc. 
Natl. Acad. Set. USA, vol. 85. pp 74-78) from 
human colorectal carcinoma cell lines SW948 and 
SW707; and from the pancreartc carcinoma cell 
lines BXPC-3 and Capan-2 (ATOC). mRNAS were 

25 denatured and electrophoresed by the method of 
Lehrach ((1977) Biochemistry, vol. 16, pp. 4743- 
4751), transferred to nitrocellulose filters and 
hybridized to a gel purified (Linnenbach (1986) 
■ supra, ), nick translated, 0.85 kbp ^-i genomic 

30 fragment derived from QA733-1. ~^ 

Two pancreatic carcinoma cell lines were ob- 
served by Northern blot analysis to express larger 
amounts of a 1.8 kb mRNA species (Rg. 7. lanes 2 
and 3), relative to the cotorectal carcinoma cell line 

35 SW948 (Fig. 7, lane 1). Wlien the Gapan-2 pancre- 
atic carcinoma mRNA was diluted 1:100 (lane 7), 
the hybridization signal was still more intense com- 
pared to that of S>/tf948. This apparent difference in 
level of GA733-1 mRNA obsenrad in these two ceil 

40 types was normalized to enolase mRNA levels, 
which were observed to be constant in both cell 
types (Rg. 7, insert). Taking into account the relat- 
Gdness of the GA7M genes, this experiment may 
not distinguish between transcription of GA733-2 

45 mRNA and GA733-1 mRNA. In simiiariy controlled 
experiments, GA733-1 mRNA was detected in pla- 
centa but was not detected in ttie SW707 rectal 
carcinoma cell line, nor in the SK-mel-37 
melanoma cell line. 

' so 

Oiaiffis 

1. A segment of DNA which codes for the 
ss 6A733-1 antigen. 

2. The segment of claim l having the se- 
querice shown in Rgure 2. 

3. A cell line genelicaHy engineered to replicate 
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and express the DNA sequence of <3A733-1 anti- 

g©n. 

4. A method of pfoducing an imrrtisnogen, com" 
prising: cuitufmg eeite which have been gengticaiiy 
en^neered to repiicate and saspress the DNA se- s 
quence of which codes for QA733-1 antigen; 
harvesting a protein ftBction from said ceSis or 
cuiture mediusTi. 

5. A method of treating a human carcinoma, 
comprising: w 
admirsistoing an effsctivs amount of a preparation 
cemprising one c? more epitopes of ar?tfgsn 
GA733-1 to a patient bearing a carcinoma to stimu- 

!ste productioft of antitxxies immurwraactive with 
said antigen. 'S 

8. The method of ciarm S wiiereifi before lac!- 
msnislerirsg said prepffl-attoo, aotj^diotypic mfs- 
bodies are admii-slstered to sad patient, s^d anti- 
idiotypic antibodies having the atJiiily to simulate 
productton of antibodies which smmunoreact witft 20 
antigsn GA733-1. 

7, A preparation af afstibodsss which are im- 
munertactive with SA733-1 antigen but not 
QA733-2 sntigen. 

S, A substantially pure polypeptide grtceded by zs 
tfie DMA sequence of Rgsjre 2. 

9. An oiigonocteotide probe for dstecSng mem- 
bers of a gers® fartjiiy comprising GA733-1 and 
QA733~2. s^d probe encmSng 8ie amtne add s©- ^ 
quenee of the ^rst about IS ^ino acids of antigen ao 
aA733-2. 
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